Abstract
Introduction

29
Co-gasification has been studied for a variety of biomass/non-biomass combinations (e.g.,
30
wood/coal, switchgrass/coal, switchgrass/petroleum coke) [1] [2] [3] [4] [5] [6] . Gasification of coal or petroleum 31 coke alone is a slow process, but the addition of biomass can reduce the gasification time 5, 7, 8 . In 32 that sense biomass is not only a fuel but also enhances gasification of the non-biomass feed.
33
General benefits of co-gasification are reduced fossil fuel related greenhouse gas emissions, lower 34 tar formation, higher overall efficiency and increased char reactivity. The latter, is mostly explained
35
due to inherently present alkali and/or alkali earth metals (e.g., potassium, sodium, calcium) in the 36 biomass that act as a catalyst and enhance the gasification rate 1, 5, 6 . For example, potassium is highly 37 mobile under gasification conditions and can transfer (interparticle) from the biomass to the non-38 biomass feed as demonstrated with our previous work 5 . The addition of synthetic catalysts is also effect during CO2 gasification (i.e., gasification rate of the switchgrass-coal mixture was equal to 48 or slower than the gasification rate of coal itself) 5 . This behavior was attributed to sequestration of 49 the mobile alkali elements (originated from the switchgrass) by the reaction with aluminosilicate 50 minerals in coal to form inactive alkali aluminosilicates, such as KAlSi3O8 and KAlSiO4. The candidates to be co-gasified with a potassium rich biomass to benefit from the synergistic effect.
56
In the search for alternative means for energy production and sustainable energy development, 57 studies on understanding the synergistic/antagonistic effects of biomass/fossil fuel co-gasification 58 have been increasing. However, published literature focusing on quantifying these effects within a 59 kinetic analysis are scarce. The present work deals with this issue and builds on our previous work 60 of co-gasifying potassium-rich switchgrass with coal and fluid coke using CO2 as gasifying agent 5 . Figure 1 
where  is the mass fraction of the non-biomass char in the mixture (i.e.,  = 0.5 in this study), and
121
XFF and XSG are the conversions of the fossil fuel and SG, respectively.
122
As a reminder, the switchgrass and fluid coke were converted to char before gasification, while 123 ash-free coal was used directly. SG refers to switchgrass char, FC refers to fluid coke char and
124
AFC refers to ash-free coal throughout the remainder of the manuscript.
125
Although the gasification behavior of SG/FC has previously been published 5 , it has been included 126 again here ( Figure 1 ) as these experimental data were used for the kinetic modeling and for Figure 1 ) is below the non-interacting (solid) line until 50% conversion is reached ( Figure 1 ).
153
Thereafter the observed (dotted) line is above non-interacting line indicating a synergistic effect - 
172
For each temperature, 2 parameters (i.e., reaction rate constant kj and a structural parameter) were 173 estimated based on a non-linear least-squares method. The details for the kinetic parameter 174 estimation and modeling techniques used are described in our previous publication 14 .
where X'FF and X'SG denote the conversions of the fossil fuel (FC, AFC) and SG in the mixture,
179
respectively, assuming interaction between them as described above.
180
The gasification rate of each constituent (dX'/dt) follows the random pore model (RPM) with their 181 corresponding kinetic parameters (see Section 4.1) with the inclusion of an additional 182 synergism/antagonism parameter si that describes the deviation from the non-interacting case as 183 illustrated in eqs. 5 and 6.
186
Here sSG represents the inhibition of the switchgrass conversion rate (antagonistic parameter), while 187 sFF represents the acceleration (synergistic parameter) of the fossil fuel conversion rate. Eq. 5 is 188 valid until complete conversion of switchgrass char (i.e., X'SG < 1), thereafter
, while eq. 6 is valid over the whole conversion range of the fossil fuel sample (longer time 190 frame). Note, the term inhibition sSG does not refer to catalyst inhibition, it refers to the decrease in 191 the SG gasification rate due to potassium transfer to the non-biomass sample. Thus, the potassium
192
does not catalyze the SG conversion.
193
Parameter estimation will be used to determine and using the experimental data obtained
194
for gasification of the mixed feedstock at different temperatures (presented in section 3).
195
The synergism/antagonism parameter, si, can have values of sFF ≥ 1 presenting synergism (i.e., an
196
increase of the reaction rate for the fossil fuel), while values of 0 < sSG ≤ 1 denotes a decline in the 197 gasification rate for SG, indicating an inhibition. The lower the value for sSG the higher is the inhibition. For si = 1 (unity), eqs. 5 and 6 would be equal to the standard random pore model (eq. 199 6) designating neither inhibition nor acceleration.
200
In the present work four assumptions regarding the synergism/antagonism (i.e., acceleration/ 201 inhibition) parameter were tested as summarized in Table 2 . The parameters sSG and sFF had either describe the behaviour of the synergistic (acceleration) parameter sFF. The equations given in Table   206 2 include the constants, aSG and aFF. Possible effects these synergism/antagonism parameters on on the assumption of normally distributed errors, the AIC was calculated as follows:
In addition, show that the estimated parameters present a good fit with the experimental data ( Figure 4 ). The react with alumina and silica from the switchgrass ash to form an inert potassium-aluminosilicate.
248
The synergistic parameter, aFF could not be determined for the non-linear assumption (Model D)
249
as it always reached the upper-bound value during parameter estimation. Thus, this model will not 250 be considered for future SG/FC feedstock co-gasification modelling.
251
The calculated conversions for the SG/FC mixture were in good agreement with the observed while within the mixture SG is converted after 4 h and 30 min at 850°C and 950°C, respectively.
256
Fluid coke on the other hand is converted after 10 h and 8 h at 850°C and 950°C within the mixture, 257 respectively, which is much faster than the gasification of the single feed. found to be favoured at 750°C and 850°C, see Tables 6 and 7 with the lowest AIC value of -8.56
261 and -11.39, respectively. At 950°C, models 1-A, 1-B and 1-C were statistically equal. The results
262
indicate that the inhibition parameter sSG was independent of SG conversion, which was most likely 263 a result of the interaction of the feedstocks during the pyrolysis phase as the AFC sample was directly used (not as a char). The acceleration of the gasification rate of AFC follows with the 265 highest probability a linear relationship in the SG conversion (model B).
266
For a few models the parameters could not be estimated as they reached their upper or lower bound 267 values indicate that these models were not applicable.
268
At 750°C SG conversion was strongly inhibited (aSG = 0.053). The low availability of potassium 
Influence of temperature on inhibition and acceleration parameter 281
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